Dear Editor,

Nystagmus may be classified into jerky or pendular according to the presence of quick phases. In a single patient with acquired nystagmus the nystagmus is almost always either jerky or pendular. To the best of our knowledge, only a few cases of combined jerky and pendular nystagmus involving different axes of rotation have been described in patients with central myelin disorders. Moreover, no correlation between the nystagmus patterns and involved structures has been reported.[@B1] We report a patient with upbeat jerky and pendular horizontal-torsional nystagmus. This suggests the presence of different mechanisms for generating ocular oscillations in different eye-movement planes in a single patient.

A 21-year-old woman with no past neurological history developed headache and vomiting along with right-side hypesthesia and paresthesia, and severe gait imbalance from a medullary hemorrhage, probably due to cavernous hemangioma ([Fig. 1A and B](#F1){ref-type="fig"}). About 1 year later she began to suffer from dizziness and oscillopsia with a rather abrupt onset, and was referred for evaluation of abnormal eye movements that had been newly detected. The physical examination performed at that time showed spontaneous upbeat jerky nystagmus and horizontal-torsional pendular nystagmus, but without palatal tremor ([Fig. 1C](#F1){ref-type="fig"}, [Supplementary Video 1](#S1){ref-type="supplementary-material"} in the online-only Data Supplement). The nystagmus was not modulated by the gaze, saccades, or smooth pursuit, but decreased after turning the head to either side while supine, and during straight-head hanging and Dix-Hallpike maneuvers. Horizontal saccades were hypermetric, and smooth pursuit was impaired in both horizontal directions and upward. The findings of bedside head impulse tests were normal, and a neurological examination was otherwise unremarkable. Gabapentin was ineffective in reducing the nystagmus. Her condition deteriorated in a stepwise manner, and she finally became wheelchair-bound.

Even though upbeat nystagmus has been reported in lesions involving various areas of the brainstem and cerebellum, in the medulla it has been ascribed to damage to the perihypoglossal nuclei, the cell groups of the paramedian tracts (PMTs), or the medial longitudinal fasciculus.[@B1] The perihypoglossal nuclei include the nucleus prepositus hypoglossi (NPH), nucleus of Roller, and nucleus intercalatus (NI), and are important for gaze holding. Of these, the NI seems mostly responsible for upbeat nystagmus since it is involved in processing the vertical eye position through its projections to the cerebellar flocculus. The PMT cell groups might provide the cerebellum with motor feedback signals essential for maintaining the gaze position, and are another possible neural substrate responsible for upbeat nystagmus in the medulla.[@B2] The vestibulo-ocular reflex pathways from both anterior semicircular canals may also cause upbeat nystagmus when they are damaged in the rostral medulla.[@B3]

Given the transient suppression and phase shift (resetting) of acquired pendular nystagmus following a saccade, especially for larger saccades[@B4] in multiple sclerosis, acquired pendular nystagmus has been hypothesized as arising in the neural integrators that receive feedback signals via the cell groups of the PMTs from the cerebellar flocculus.[@B2][@B4]

The holding of gaze positions is achieved by the following relatively separate groups of neural circuits: the interstitial nucleus of Cajal (INC) for vertical-torsional eye motion, and the NPH and medial vestibular nucleus (MVN) for horizontal eye motion. However, given the existence of reciprocal connections between the NPH-MVN and INC, horizontal-torsional pendular nystagmus may occur in lesions involving the NPH-MVN in the medulla.[@B5] Furthermore, lesions involving the NPH-MVN also affect integration in the vertical plane.[@B6] The PMT is involved in regulating gaze holding in multiple planes by receiving signals from the neural structures involved in horizontal, vertical, or torsional eye movements, and may have been responsible for horizontal-torsional pendular nystagmus in the present patient.[@B2]

Another possible mechanism relates to the neurons in the inferior olive, which encode neural signals in the planes of the semicircular canals. A horizontal-torsional oscillation would be the pattern expected from involvement of projections from all three semicircular canals in a single labyrinth. If they were disinhibited, then invoking a similar mechanism for the pendular oscillations of ocular palatal tremor syndrome, a horizontal-torsional oscillation of the eyes might appear.[@B7]

In summary, combined jerky and pendular nystagmus involving different planes of eye movements suggests dysfunction of the neurons responsible for holding gaze steady in the medulla, even though the neural structures responsible for each type of nystagmus may be different.
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Supplementary Materials
=======================

The online-only Data Supplement is available with this article at <https://doi.org/10.3988/jcn.2020.16.3.491>.

###### Supplementary Video 1

The patient shows spontaneous upbeat and horizontal-torsional pendular nystagmus that is mostly symmetric in both eyes.

![Findings in the patient. A: T2-weighted axial MRI revealed a well-circumscribed low-intensity lesion intermixed with internal hyperintense lesions---leading to a mottled appearance---in the medulla, which is consistent with hemorrhage due to cavernous hemangioma. B: Illustration of the neural structures that may have been responsible for the nystagmus in our patient. C: Video-oculography recordings show spontaneous upbeat nystagmus with a mostly decreasing slow-phase velocity and horizontal-torsional pendular nystagmus. Upward deflection in the respective recordings indicates rightward, upward, or clockwise eye motion. ION: inferior olivary nucleus, MLF: medial longitudinal fasciculus, MVN: medial vestibular nucleus, NPH: nucleus prepositus hypoglossi, PMT: paramedian tract cell group, RH: horizontal position of the right eye, RT: torsional position of the right eye, RV: vertical position of the right eye.](jcn-16-491-g001){#F1}
